Synthesis and HPLC separation of Tb2@C79N
Tb2@C79N was synthesized by a 3-phase electric arc discharge evaporation of graphite rods with Tb4O7 powder (Jiayuan Advanced Materials Co., Ltd) by injection into the 3-phase electric arc zone in a N2 atmosphere. 1 A HPLC trace of the product mixture after a usual amino functionalized silica chemical separation step 2 is shown in Figure S1 . The sample was then subjected to multiple collection passes with 100 μL injections with a PBB column (4.5 mm I.D. x 250 mm); λ = 390 nm; flow rate 1.0 mL/min; 1:1 toluene as eluent. The chromatographic trace after this separation stage is shown in Figure S2 . At this stage, the desired Tb2@C79N still contains ~ 10% Tb3N@C80 as well as TbC81N and Tb2C80N2 as illustrated in the mass spectrum ( Figure S3) . In a final step, recycling HPLC with a Buckyprep column was used to obtain pure Tb2@C79N ( Figure S4 ). 
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Figure S5b. LDI mass-spectra of the fraction F4-4, positive (red) and negative (black) ion modes (Bruker autoflex mass-spectrometer). The peak at 1280 is assigned to Tb2@C79N.
DFT calculations
Optimization of molecular structures of Tb2@C79N conformers were performed at the PBE-D level using VASP code (version 5.0) with PAW pseudopotentials. 3 To screen many possible orientations of the Tb2 dimer inside the C79N cage, 120 initial configurations were prepared by fixing the cage coordinates (with nitrogen atom at the pentagon/hexagon/hexagon junction, 5/6/6) and rotating the Tb2 dimer around Fibonacci sphere. Optimization for all structures resulted in several unique minima listed in Table S1 . Additionally, C79N cage with nitrogen at the hexagon/hexagon/hexagon (6/6/6) position was also considered, but with a smaller amount of initial Tb2 orientations. The calculations proved that 5/6/6 position of nitrogen is much more energetically favourable. Inside the cage, Tb2 cluster has at least five low-energy conformations, which likely to coexist in the real sample. Table S1 . Relative energies and molecular structures of DFT-optimized conformers of Tb2@C79N
Relaxation times of Tb2@C79N in zero field determined by DC magnetometry DC magnetic measurements were performed using a Quantum Design VSM MPMS3 magnetometer. The samples were drop-casted from CS2 solution into a standard powder sample holder.
Below 24 K, average magnetization relaxation times of Tb2@C79N were determined by DC magnetometry. The sample was first magnetized to saturation, then the field was swept to 0 T with the highest possible sweep rate, and then decay of magnetization of recorded, and the decay curve was then fitted with stretched exponential function:
Where and 0 are the equilibrium and initial magnetizations, respectively, is a characteristic relaxation time and is an additional parameter that corresponds to the time-dependent decay rate. The need of the stretched exponential (instead of single exponential decay, β = 1) is caused by the change of the relaxation rate over the time, presumably caused by redistribution of local dipolar fields when magnetization of the sample is changing (in our measurements, β is found to be between 0.7 and 0.8, see Table S2 ). Hence, stretched exponential fit gives an average relaxation time. Reliable estimation of τm for such values of β requires recording of the decay for ca 3 times τm or longer. For low temperature measurements, this requirement cannot be properly fulfilled because relaxation times are too long. If decay time is considerably shorter than 3 τm, the fit with equation S1 gives rather ambiguous results because τm strongly depends on , which is not well defined. Although should be equal zero for a paramagnet in zero field, the small remnant magnetization is usually present even in zero field (e.g., diamagnetic contribution, small magnetization caused by deviation of the field from zero, etc). To avoid these ambiguities, values were determined in separate measurements. Namely, the temperature was increased above blocking temperature to cause complete relaxation of magnetization, and then decreased again to the required temperature. Magnetization of the demagnetized sample was then measured over certain time, giving estimation of the parameter. Using values determined this way eliminates ambiguity in and gives reliable estimation of relaxation times even when the measurement time is considerably shorter than τm. Detailed discussion of the determination of long magnetization relaxation times is given in Ref. 4 . Figure S6 . Selected magnetization decay curves, red lines are fits with stretched exponential function. 
Relaxation times of Tb2@C79N determined by AC magnetometry
A small oscillating magnetic field is used to drive spins in the sample with the frequencies between 0. 1 and 1000 Hz (MPMS XL magnetometer is used for these measurements). The frequency of the oscillating magnetic field is scanned, and in-phase ( ′ ) and out-of-phase ( ") magnetic susceptibilities are measured. The relaxation time is then calculated by fitting the ′ and " with the following formula (generalized Debye model):
where α is the parameter, accounting for a distribution of the relaxation times (α=0 when only one process is present), and / are adiabatic and isothermal susceptibilities. Table S3 lists relaxation times, their standard deviations (from the fit) and α parameters, whereas Figure S7 shows frequency dependence of ′ and " at different temperatures and corresponding Cole-Cole (Agrand) plots. 
Ab initio calculations
Ab initio energies and wave functions of ligand field multiplets for the TbY@C79N -molecules were calculated at the CASSCF/SO-RASSI level of theory using MOLCAS 8.0. 5 The single ion LF-parameters were calculated based on ab initio data with the use of SINGLE_ANISO module. 6 Figure S8 shows orientation of quantization axes for each Tb ion in different conformers, and Tables S4-S7 Table  S1 ). Analysis in the main manuscript is based on the results for Conf 2, but as can be seen, all other conformers have similar properties. 1014.47 84.5|0⟩ + 11.3|±2⟩ + 4.1|±1⟩ "pKD" stands for pseudo-Kramers doublet, "S" denotes a singlet state. The contribution for the "|±X⟩" state means a sum of contributions for |+X⟩ and |−X⟩ functions S16 1008.00 83.8|0⟩ + 9.2|±1⟩ + 6.9|±2⟩ "pKD" stands for pseudo-Kramers doublet, "S" denotes a singlet state. The contribution for the "|±X⟩" state means a sum of contributions for |+X⟩ and |−X⟩ functions 
